Objectives This study sought to investigate whether the outcome of drug-eluting stent (DES) treatment and that of coronary artery bypass grafting (CABG) differed in diabetic and nondiabetic patients with unprotected left main coronary artery (LMCA) disease.
Patients with diabetes are prone to a diffuse and rapidly progressive form of coronary artery disease (1, 2) . Together with coronary artery bypass grafting (CABG), percutaneous coronary intervention (PCI) is an important component of revascularization strategy for diabetic patients with significant coronary artery disease (3, 4) . Percutaneous or surgical revascularization, however, has been associated with higher rates of short-or long-term complications in diabetic but not in nondiabetic patients (5) (6) (7) (8) .
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Previous studies have found that surgical revascularization resulted in better outcomes than percutaneous revascularization in diabetic patients with multivessel coronary disease (9) , indicating that diabetic status is a major consideration in selection of a revascularization strategy in patients with multivessel disease. Although the impact of diabetes on treatment outcomes may be helpful in determining risk stratification and selecting an optimal strategy, the prognostic role of diabetes on CABG or PCI outcome in patients with unprotected left main coronary artery (LMCA) disease has not yet been determined. We therefore evaluated whether the outcome of PCI with drug-eluting stents (DES) or CABG in patients with unprotected LMCA disease was dependent on diabetic status.
Methods
Study population and procedures. The study population consisted of 1,474 consecutive patients with unprotected LMCA disease (defined as stenosis Ͼ50%) who received DES implantation (n ϭ 784) or underwent CABG (n ϭ 690) between May 2003 and June 2006 at 12 major academic institutions in Korea, within the MAIN-COMPARE (revascularization for unprotected left MAIN coronary artery stenosis: COMparison of Percutaneous coronary Angioplasty versus surgical REvascularization) registry (10) . Patients with prior bypass surgery, concomitant valvular or aortic surgery, ST-segment myocardial infarction (MI), or cardiogenic shock were excluded.
Patients underwent PCI, rather than CABG, according to the preference of the patient or physician, taking into consideration the high risk associated with CABG (10) . Starting in the second quarter of 2003, DES implantation has been the exclusive treatment for LMCA disease in all participating centers. The choice of sirolimus-(Cypher and Cypher Select, Cordis, Johnson & Johnson, Bridgewater, New Jersey) or paclitaxel-(Taxus Express and Liberté, Boston Scientific, Natick, Massachusetts) eluting stents was at the discretion of the physician. Stent implantation techniques for patients with LMCA disease have been described (10, 11) . Interventions for any other significant coronary artery disease were performed according to current practice guidelines. All patients receiving DES were prescribed aspirin (200 mg) plus clopidogrel 75 mg (after a loading dose of 300 or 600 mg) before or during the coronary intervention. After the procedure, aspirin was continued indefinitely and clopidogrel continued for at least 6 months (12) . Extended use of clopidogrel beyond 6 months was at the discretion of the physician. Surgical revascularization was performed using standard bypass techniques (13) . Whenever possible, the internal thoracic artery was preferentially used for revascularization of the left anterior descending artery.
This study was approved by the ethics committees of each hospital, which also permitted use of clinical data for this study. Study end points and definitions. The end points of the study were death; the composite of death, Q-wave MI, or stroke; and target vessel revascularization (TVR). All events were based on clinical diagnosis by individual physicians and were centrally adjudicated by an independent group of clinicians at the University of Ulsan College of Medicine, Asan Medical Center, Seoul, Korea.
Death was defined as death from any cause. Q-wave MI was defined as documentation of a new abnormal Q-wave on electrocardiography and creatine kinase-MB levels Ͼ3ϫ the upper limit of normal after the index treatment. Stroke, as indicated by neurologic deficits, was confirmed by a neurologist based on imaging studies. TVR was defined as repeat revascularization of the treated vessel, including any segments of the left anterior descending artery and the left circumflex artery (14) . The diabetic subgroup was defined as all patients receiving active treatment with oral hypoglycemic agents or insulin. Diet-controlled diabetic patients were included only if there was documentation of an abnormal blood glucose level after an overnight fast or an abnormal glucose tolerance test during hospitalization for the revascularization procedure. Data collection and follow-up. The MAIN-COMPARE registry holds data on all consecutive patients who underwent PCI or CABG for unprotected LMCA disease from 2000 to 2006 at 12 major cardiac centers (10). The registry is sponsored by the Korean Society of Interventional Cardiology, and there was no industry involvement in the design, conduct, or analysis of this study.
Clinical, angiographic, procedural or operative, and outcome data were collected using a dedicated internet-based reporting system. For validation of complete follow-up data, CABG ϭ coronary artery bypass graft; DES ϭ drug-eluting stent; LAD os ϭ ostium of the left anterior descending coronary artery; LCX os ϭ ostium of the left circumflex coronary artery; LM ϭ left main disease;
NSTEMI ϭ non-ST-segment elevation myocardial infarction.
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Kim et al. To reduce the impact of treatment selection bias and potential confounding factors in an observational study, we used weighted Cox proportional hazard models with robust standard errors to compare hazard rates of outcomes between the DES and CABG groups. Weighted Cox's models were constructed using the inverse probability of treatment weighting (IPTW) approach (15) . In this model, weights were stabilized by marginal probability for both treatment groups, respectively. Stabilized weights for patients who underwent CABG were the product of the marginal probability for CABG group and the inverse of (1 Ϫ propensity score), and stabilized weights for patients who underwent DES were the product of the marginal probability for DES group and inverse of the propensity score (16) .
These treatments effects were evaluated in the total population, and in the diabetic and nondiabetic patients. Interaction terms in the multivariate Cox model and weighted Cox model using the IPTW method were used to test for the statistical significance of 2 treatment effects by diabetic status on clinical outcomes.
All reported p values were 2-sided, and p values Ͻ0.05 were considered statistically significant. SAS software, version 9.1 (SAS Institute, Cary, North Carolina) was used for all statistical analyses.
Results
Baseline clinical and procedural characteristics. Of the 1,474 patients with unprotected LMCA disease receiving DES (n ϭ 784) or CABG (n ϭ 690), 507 (34%) had diabetes mellitus; of the latter, 251 (50%) patients received DES and Clinical, angiographic, and lesional characteristics of overall, and diabetic and nondiabetic patients, who underwent DES and CABG, are shown in Table 1 . Compared with patients who received DES, those who underwent CABG had a significantly higher prevalence of coexisting conditions (old age, peripheral vascular disease, lower ejection fraction, unstable angina, and higher EuroSCORE) and were significantly more likely to have 3-vessel disease (Table 1 ). Although DES patients had a significantly higher incidence of bifurcation lesions than CABG patients, most of them consisted of isolated and left main plus either ostial part of left coronary artery system, but complex bifurcation lesions were significantly higher in CABG than DES groups (Table 1) . Outcomes. Figure 1 and Table 2 summarize crude and adjusted outcomes of patients receiving DES versus CABG in the total population. Overall, the 3-year unadjusted risks of death (6.0% vs. 8.1%, p ϭ 0.14) and the composite of death, Q-wave MI, or stroke (7.3% vs. 9.9%, p ϭ 0.19) did not significantly differ between the DES and CABG groups. In contrast, the 3-year TVR rate was significantly higher in patients receiving DES (10.3% vs. 2.8%, p Ͻ 0.001). After multivariable adjustment using standard Cox regression and IPTW, these results were consistent.
In the diabetic population, the 3-year unadjusted risks of death (6.4% vs. 8.6%, p ϭ 0.37) and the composite of death, Q-wave MI, or stroke (8.4% vs. 10.9%, p ϭ 0.35) were similar in the DES and CABG groups (Fig. 2, Table 2 ). As with the overall population, the 3-year incidence of TVR was significantly higher in diabetic patients who underwent DES than in those who underwent CABG (11.2% vs. 2.0%, p Ͻ 0.001). In the nondiabetic population, the 3-year unadjusted rates of death (5.8% vs. 7.8%, p ϭ 0.19) and the composite of death, Q-wave MI, or stroke (6.8% vs. 9.2%, p ϭ 0.17) were similar in DES and CABG patients, but the rate of TVR was significantly higher in DES than in CABG patients (9.9% vs. 3.2%, p Ͻ 0.001) (Fig. 3, Table 2 ). After adjusting for possible confounders using a multivariate Cox regression model and weighted Cox regression using the IPTW method, these outcomes were consistent, showing that DES and CABG carried similar risks of death and the composite of death, Q-wave MI, or stroke, and higher risks of TVR, in the overall, diabetic, and nondiabetic populations (Table 2) .
When we assessed whether the magnitude of the treatment effects for DES and CABG varied significantly according to diabetes status, we did not observe significant interactions between treatment outcomes and the presence or absence of diabetes after adjustment for covariates (p interaction ϭ 0.90 by multivariate and p interaction ϭ 0.16 by IPTW for death, p interaction ϭ 0.68 by multivariate and p interaction ϭ 0.93 by IPTW for the composite of death, Q-wave MI, or stroke, and p interaction ϭ 0.23 by multivariate and p interaction ϭ 0.92 by IPTW for TVR). Despite large differences in the hazard ratios (HRs) between diabetic and nondiabetic groups, the overlapping of confidence intervals *Hazard ratios (HRs) for drug-eluting stents with reference to coronary artery bypass grafting; †adjusted for sex, insulin-requiring diabetes mellitus, extent of diseased vessel, and EuroSCORE; ‡adjusted for sex, insulin-requiring diabetes mellitus, previous congestive heart failure, extent of diseased vessel, and EuroSCORE; §adjusted for insulin-requiring diabetes mellitus, previous congestive heart failure, extent of diseased vessel, EuroSCORE, and bifurcation involvement; adjusted for age, insulin-requiring diabetes mellitus, previous congestive heart failure, peripheral vascular disease, and restenotic lesion; ¶adjusted for previous congestive heart failure, cerebrovascular disease, and EuroSCORE; #adjusted for insulin-requiring diabetes mellitus; **adjusted for sex, cerebrovascular disease, peripheral vascular disease, renal failure, extent of diseased vessel, and EuroSCORE; † †adjusted for sex, cerebrovascular disease, renal failure, extent of diseased vessel, and EuroSCORE; ‡ ‡adjusted for age, current smoker, previous coronary angioplasty, EuroSCORE, and bifurcation involvement.
CI ϭ confidence interval; QMI ϭ Q-wave myocardial infarction; TVR ϭ target-vessel revascularization. (CIs) denoted statistical insignificance between the 2 groups ( Table 2 ). In addition, we directly compared TVR of diabetic with those of nondiabetic patients in the DES and CABG groups, respectively. After adjustment using multivariate Cox model and IPTW, the rates of TVR in diabetic over nondiabetic patients were similar in both DES 
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Discussion
The major findings of our study were that: 1) among patients with unprotected LMCA disease, the adjusted risks of death and the composite of death, Q-wave MI, or stroke were similar in patients who received DES or underwent CABG, whereas the risk of TVR was significantly higher in DES patients; 2) these findings were consistent in diabetic and nondiabetic patients; and 3) diabetes had a minimal prognostic impact on long-term treatment effects in patients who underwent DES or CABG.
Among patients with significant coronary artery disease undergoing CABG, periprocedural morbidity and mortality, long-term mortality, and the rates of repeat revascularization after CABG were found to be higher for diabetic than for nondiabetic patients (17) (18) (19) . Diabetic patients receiving PCI also showed less favorable long-term survival and a higher incidence of restenosis and repeat revascularization than did nondiabetic patients (2, 7, 9, 20) . Compared with bare-metal stents, DES implantation has markedly reduced the need for repeat revascularization (21, 22) . A recent large meta-analysis of 10 randomized trials (23) showed that, despite substantial reductions in restenosis when DES were used, both in diabetic and nondiabetic patients, the presence of diabetes was associated with an increased risk of unfavorable clinical outcomes (5, 6, 22, 24) . Therefore, diabetic status has been regarded as both a major risk factor for adverse outcomes and an important clinical indicator in the choice of revascularization methods.
Several studies have compared PCI with CABG for multivessel disease treatment in diabetic patients. In diabetic subgroups from the ARTS (Arterial Revascularization Therapies Study) undergoing multivessel stenting using bare-metal stents and CABG, the incidence of death, MI, or stroke at 1 and 5 years did not differ between groups, but there was a higher incidence of repeat revascularization after stenting than after CABG (4, 20) . Even in the ARTS II trial, which compared DES with CABG, there were no significant differences in mortality, MI, and stroke, but higher rates of revascularization were observed after DES implantation (25) . Although the BARI 2D (Bypass Angioplasty Revascularization Investigation 2 Diabetes) trial could not compare PCI with CABG directly, patients who underwent CABG, but not PCI (DES, 35%), had significantly fewer major adverse cardiac events, as compared with patients who underwent optimal medical therapy (26) .
Data comparing PCI and CABG in diabetic subsets with unprotected LMCA disease are, however, limited. Two ongoing large-scale randomized controlled studies comparing DES with CABG in patients with diabetes exclude patients with LMCA disease (27, 28) . A diabetic subgroup analysis of the SYNTAX (SYNergy between percutaneous coronary intervention with TAXus and cardiac surgery) trial showed similar hard end points, including death, MI, or stroke, but higher repeat revascularization rates in patients with 3-vessel or LMCA disease (29) . These results were similar to ours. We also found that treatment effects of the 2 primary interventions for patients with unprotected LMCA disease were consistent in diabetic and nondiabetic patients, without significant interactions. Similar trends were seen in previous randomized or registry studies comparing PCI with CABG in diabetic patients with multivessel coronary artery disease (20, 22, 25, 30, 31) . Study limitations. Our study had several limitations. Despite rigorous adjustment using standard and weighted Cox regression employing IPTW, it was an inherent limitation for the choice of treatment modality, which was based on the physician's or patient's preference, and otherwise unmeasured confounders or hidden bias may be present. Second, we may have inadequate statistical power to detect small outcome differences between the 2 revascularization strategies in diabetic and nondiabetic subgroups. Third, because our results are mainly derived from subgroup analyses, they should be regarded as exploratory in nature, and hypothesis-generating. Therefore, our findings should be confirmed or rebutted by large, prospective randomized clinical studies.
Conclusions
When the outcomes of 2 primary interventions (DES vs. CABG) for unprotected LMCA disease were compared, the adjusted risks of death and the composite of death, Q-wave MI, or stroke were similar, but the risk of TVR was significantly higher in DES patients. These findings were consistent in diabetic and nondiabetic patients, without significant interactions. Additional large clinical trials are warranted to evaluate the prognostic or clinical impact of diabetes in patients with multivessel coronary artery disease requiring revascularization procedures. 
